Volcanoes hold a fascination for human beings and, before they were recorded by literate observers, eruptions were portrayed in art, were recalled in legend and became incorporated into religious practices: being viewed as agents of punishment, bounty or intimidation depending upon their state of activity and the culture involved. In the Middle East the earliest record dates from the third millennium BCE and knowledge of volcanoes increased progressively over time. In the first century CE written records noted nine volcanoes in the Mediterranean region plus Mount Cameroon in West Africa, yet by 1380 AD the record only totalled 48, with volcanoes in Japan, Indonesia and Iceland being added. After this the list of continued to increase, but important regions such as New Zealand and Hawaii were only added during the last 200 years. Only from 1900 did the rate of growth decline significantly, but it is sobering to recall that in the twentieth century major eruptions have occurred from volcanoes that were considered inactive or extinct, examples including: Mount Lamington-Papua New Guinea, 1951; Mount Arenal-Costa Rica, 1968 and Nyos-Cameroon, 1986. Although there were instances where the human impact of historical eruptions were studied in detail, with
Introduction: The Global Picture
The purpose of this chapter is two fold. First, to review the communication of information on eruptions and its dissemination from the earliest times until the onset of the 'modern' era of volcanology, which for the purpose of this volume is taken to be the latter part of the 20th century. In the last three decades of the twentieth century volcanology experienced a major change in its scientific status, with events such as the eruption of Mount St. Helens in 1980 and space missions to the terrestrial planets highlighting the important role of volcanism as a planetary process. This in turn focused interest on volcanology and stimulated research funding which, inter alia, placed the communication of information on eruptions and their impacts on a more secure footing. The authors are aware that, given the present state of published research, especially on early historic eruptions, this account cannot be truly 'global' and will of necessity be strongly biased towards the acquisition and dissemination of information within countries that are part of the 'western' intellectual tradition, though where possible we have endeavoured to spread the net more widely.
Secondly, the issues surrounding communication will be explored by means of two case studies: the Azores (Portugal) and Mt. Etna in Sicily. These case studies provide good-in some respects contrasting-examples of the ways in which responses to eruptions and their impacts have evolved, from the earliest recorded eruptions to the situation obtaining towards the close of the twentieth century. Although both the Azores and Mt. Etna provide documentary accounts of activity, in each area the distinctive written source and varying eruptive styles and impacts, allow differing insights to emerge. Etna has one of the most extensive records of volcanic activity which stretches over some 2000 years of recorded history. Early accounts from the classical era sought mythical explanations of activity, although some later Greek and Roman writers suggested more rational explanations, though even these were not usually based on detailed observation . Sicily is located at the centre of the Mediterranean Region and historically had excellent communications with the wider European world. The Renaissance led to the early development of empirical science and a letter, for instance, read to the Royal Society of London shows insightful observations of the 1669 eruption of Etna (Anon 1669) . In the 19th century and following the eighteenth century Enlightenment, Etna became an important field area for many European scientists, including Carlo Gemmellaro (1787-1866), Charles Lyell (1794-1875), George Poulett Scrope (1797 Scrope ( -1876 and Wolfgang Sartorius von Waltershausen (1809 Waltershausen ( -1876 , who went on to make major contributions to the understanding of geology and its development as a discipline. More recently, Etna was selected: as one of decade volcanoes for detailed interdisciplinary study as part of the United Nations designated International Decade of Natural Disaster Reduction (1990 Reduction ( -2000 ; and as a Laboratory Volcano jointly sponsored by the European Economic Communities 1 and the European Science Foundation. In contrast, the Azores have been historically isolated from mainland Europe. Eruptions before the twentieth century did not attract international attention or, indeed, much interest from mainland Portugal. Records were mostly archived locally and generally did not contribute to the development of scientific thinking more widely until the second half of the twentieth century.
Communicating Scientific Information: Prehistoric and Historical Perspectives
In the early 1980s it was well established that, even before there were written records of volcanoes and their activity, eruptions were depicted in art, remembered orally and formed part of often elaborate religious rituals, volcanoes being viewed as 'agents of benevolence, fear or vengeance depending on their state of activity and the society involved' (Chester 2005, p. 404; Blong 1982 Blong , 1984 . In the Middle East, it is often claimed by volcanologists and others that the earliest record of an eruption is a wall painting from the Neolithic town of Çatal Hüyük in Anatolia, showing an eruption with the ejection of blocks and bombs (Mellaart 1967, pp. 59-60, 176-177; Chester 2005) . More recently the archaeological team working at the site have concluded that the putative 'volcano' is actually a leopard skin with spots (Hodder 2015, personal communication) . The earliest definite records of volcanic activity date, however, from Mesopotamia in the third millennium BCE (Foster 1996; Polinger-Foster and Ritner 1996) 2 and were soon followed by accounts of volcanic activity by Greek, Roman and Islamic writers (Sigurdsson 1999, pp. 14-17) . 3 The eruption of Aso volcano in 553 CE was the earliest recorded eruption in Japan (Simkin et al. 1981, p. 66) . It occurred a year after Buddhism had been introduced into the country (Keys 1999, pp. 323-324) and may reflect the importance of religious functionaries in providing written accounts about important events.
Most of the data currently available on historic volcanic activity has been collected by the Smithsonian Institution through the Global Volcanism Program (GVP), which collates information on current and past activity over the past 10,000 years. Accounts of current activity are provided by the Smithsonian-USGS Weekly Activity Report, and comprehensive summaries of past activity are available in the Bulletin of the 1 Now the European Union. Accounts include 'Starry Mountain' in the Khabur Region. This is probably Kawbab volcano in Mesopotamia (Polinger-Foster and Ritner 1996) . Special attention was paid to Santorini (ancient Thera), Vesuvius and Etna. One of the most significant episodes in Islamic intellectual history was the translation of classical texts into Arabic, some of which included accounts of extreme natural events. This took place in Baghdad and other centres of scholarship between the beginning of the eighth and the close of the tenth centuries CE. In some cases this ensured preservation of important information on eruptions. Especially in Spain, the role of Islamic scholars needs to be acknowledged. Authors, who including the philosopher Ibn Rushd (Latin-Averroes), not only engaged with these texts, but also added their own observations on natural phenomena (Stone 2003; Akasoy 2007 ).
Global Volcanism Network. These data are periodically archived in successive editions of Volcanoes of the World (Simkin et al. 1981; Simkin and Siebert 1994; Seibert et al. 2010) . Progress up to the 1980s in both locating volcanoes and cataloguing their eruptions is summarised succinctly in a quotation from the first (1981) edition of Volcanoes of the World:
if a list of… volcanoes had been continually kept, it would, at the time of Christ, have contained only the names of 9 Mediterranean volcanoes and West Africa's Mount Cameroon. 4 In the next 10 centuries the list would have grown by only 17 names, 14 of them Japanese. The first historic eruptions of Indonesia were in 1000 and 1006, and newly settled Iceland soon added 9 volcanoes to help swell the list to 48 by 1380 AD… The list has continued to grow, with several important volcanic regions such as Hawaii and New Zealand being completely unrepresented until the last 200 years. Only in the present century has the rate of growth declined significantly (Simkin et al. 1981, p. 23) .
Later editions of Volcanoes of the World show that advances in knowledge have not slackened and that, whereas in 1981 there were 627 volcanoes with recorded eruptions, by 1994 this figure had risen to 719 and reached 858 in 2010 (Simkin and Siebert 1994; Seibert et al. 2010) , largely due to: better monitoring of present day eruptionsespecially of those occurring in isolated areas through the use of satellite-based remote sensing; and improved knowledge of events which occurred in antiquity. With regards to the latter, there have been few years in the past three decades that have not seen major publications dealing with pre-historic eruptions, although reviewing these works is beyond the scope of this chapter (see: Firth and McGuire 1999; Sigurdsson 1999; Harris 2000; McCoy and Heiken 2000; McGuire et al. 2000; Balmuth et al. 2005; Grattan 2006; Grattan and Torrence 2007; Oppenheimer 2011) .
In terms of better recording, not only has the Smithsonian Institution continued its invaluable work since 1981 in collecting eruption information and disseminating it to the volcanological research community, but data especially on human impact has also become more widely available. This was not just from academic authors (e.g. Tanguy et al. 1998; Witham 2005; Cashman and Giordano 2008) , but from organizations which have included: the Brussels-based Centre for Research on the Epidemiology of Disasters (or CRED); and re-insurance companies, in particular Munich Re (Auker et al. 2013) . Advances continue to be made in the second decade of the twenty-first century as witnessed by the new data-base of large magnitude explosive volcanic eruptions (LaMEVE), which forms part of the larger Volcanic Global Risk Identification and Analysis Project (VOGRIPA) (Crosweller et al. 2012) , and the improved catalogue of fatalities caused by volcanic activity from 1600 to 2010 (Auker et al. 2013) .
When examining the written record between 1400 CE when around 50 volcanoes were identified and 1980, when the figure reached 627, there are several points which require more detailed discussion. First, it is clear from the quotation from Volcanoes of the World (1981) which is cited above, that progress did not occur at a constant rate during the 580 years which elapsed from 1400 to 1980. There were two periods of marked growth in the list of known active volcanoes: a steady increase from the beginning of the 16th century to the mid-18th century and a second episode of more rapid growth from the mid-18th century to the mid-20th century (Fig. 1) producing ≥0.1 km 3 of tephra, plotted as a 10-year running mean. Eruptions ≥0.1 km 3 of tephra equates to a VEI (i.e. Volcanic Explosivity Index) of 4-Newhall and Self (1982) . From Siebert et al. (2010, Fig. 9, p. 32 and Fig. 10, p. 33) and reproduced by permission of the University of California Press (Footnote 5 continued) developed in other European and North American countries in the eighteenth century. Its leading doctrines were inter-alia: a commitment to reason; the notion of progress, based on education, science and the arts; the rejection of the authority of tradition including religious tradition and a stress on nature which can be studied using empirical methods (Inwood 1995). that virtually all volcanic eruptions on land have been identified (Seibert et al. 2010) .
With respect to the scientific community, communication was greatly facilitated by the publication of summary catalogues. In the 17th century, the pioneering work of Bernhardus Varenius (1650) 6 was noteworthy, but from the beginning of the 19th century the number of catalogues burgeoned (Table 1) , being formalized in the mid-20th century with the publication of the Catalog of Active Volcanoes of the World (1951 World ( -1975 . As Table 1 shows, in the early Simkin et al. (1981) , with additional information from the references cited in the table and: Simkin (1993 Simkin ( , 1994 , Sigurdsson (1999 Sigurdsson ( , 2000 , Simkin and Siebert (2000) , Simkin et al. (2001 and (Simkin et al. 1981: 1). 1980s communication was still dominated by paper-based media with circulation being restricted to academic institutions and government research organisations who were both willing and had the financial means to subscribe to learned journals and reports. Several authors the majority of whom are or have been associated with the Smithsonian Institution (Simkin 1993 (Simkin , 1994 Simkin and Siebert 2000; Simkin et al. 2001) , have commented further on the historic trends plotted in Fig. 1 . They note, inter alia:
a. That the increase in the number of active volcanoes 7 over time is related to growth in the world's population and better communications, and not to any increase in the frequency of volcanic activity. b. When the period from ca. 1800 is examined in more detail ( Fig. 1 ) peaks and troughs become apparent. Peaks can be seen to follow newsworthy eruptions such as the three large magnitude events of 1902 (i.e. Mont Peleé, Martinique; La Soufriére, St. Vincent and Santa Maria, Guatemala) and Krakatau, Indonesia in 1883. Simkin and Siebert (1994) argue that such peaks are due to increased post-eruption reporting when there was a heightened awareness of activity. Not only did these eruptions produce voluminous newspaper reports in many countries, the London Times for example publishing 14 reports on Krakatau alone some of them very detailed, 8 but also major scientific studies (e.g. Lacroix 1904; Verbeek 1884). Troughs, in contrast, coincide with the disruption of global science brought about by the First and Second World Wars, and the Great Depression of the 1930s which followed the Wall Street stock market crash of 1929. c. One measure of the incomplete character of the eruption archive before the last few centuries, is that even the record of large eruptions decays rapidly from an average of more than 5 per decade in recent centuries to 0.7 per decade before the 15th century (Simkin and Siebert 1994) . Other studies of underreporting have been published by Deligne et al. (2010) and Furlan (2010) . d. Fatal eruptions are far more likely to be preserved in the historical record than non-fatal ones (Simkin et al. 2001) . For eruptions occurring since 1500 CE, detailed information on human impacts is generally more sparse than data on eruptive processes and their effects, although this inbalance was beginning to be redressed albeit in an inchoate fashion in the years leading up to 1980 (e.g. Furneaux 1965; Nolan 1979; Simkin and Fiske 1983; Blong 1984 ). e. In many part of the world eruption records are short-often less than one hundred yearswhereas repose periods of many volcanoes are much longer (Tazieff 1983) . This means that even in the decades immediately before 1980, several large eruptions occurred from volcanoes which were thought by local populations to have been inactive. Examples included: Mount Lamington, in Papua New Guinea which killed ca. 5000 people in 1951; Mount Arenal (Costa Rica) in 1968 and Heimaey (Iceland) in 1973 (Chester 2005) . This raises the important question of how scientists can effectively communicate risk to communities who do not consider a given volcano to be active. Long repose is often associated, moreover, with the silicic volcanism of subduction zones, regions in which there are dense clusters of population.
Discussion of the historic increase of information about volcanoes and their eruptions has been focused so far at the global scale, but in the sections that follow progress will be reviewed with reference to the two case studies: the Azores in Portugal and Mount Etna, Sicily (southern 7 An active volcano is frequently defined as one showing historic activity. This definition introduces a lack of consistency, because the span of historic records varies across the world from thousands to less than 200 years. We follow Volcanoes of the World in including volcanoes with dated eruptions that have occurred during the Holocene i.e. the last 10,000 years (Simkin and Siebert 1994, p. 12). 8 These are available electronically from The Times Digital Archive-last accessed 9/5/14. Italy). Although the general trends already identified are present and, while both regions are culturally southern European, here the similarity ends and their histories are contrasting in terms of both the recording and communication of data on eruptions. The Azores Islands for most of their history have been characterised by isolation; both geographic and intellectual. Located in the middle of the Atlantic Ocean, the islands were only settled in the 15th century and for much of their subsequent history have never held a central or even a secondary place within the scientific mainstream. The Azores exemplify the difficulties of using indigenous data sources to compile, not just assessments of impact but, also at a more basic level, a complete list of events with accurate dates. Many of the accounts which are available were collected by a limited number of literate observers, who were often priests, and require much careful interpretation to extract usable information on eruption processes and their effects.
In contrast, information on Mount Etna and its eruptions stretches back to prehistoric times and has become progressively better known over more than 2000 years of written history. In Greek and Roman times it was at the centre of attempts by classical authors to make sense of the natural world with interpretation often involving aspects of mythology , in the Renaissance major studies of Etna and its eruptions were published, the Enlightenment and the nineteenth century saw the volcano being studied by both indigenous and distinguished foreign scientists of the calibre of Sir William Hamilton, Charles Lyell and Sartorius von Waltershausen and this continued through to he 1980s. Etna and Vesuvius were part of the European Grand Tour, Sicily was strategically important during the Napoleonic Wars, later in the nineteenth century visits to the volcano were eased by the spread of railways and stream ships and, following the introduction of the electric telegraph, educated appetites in the USA and Western Europe could be satisfied by detailed reports in newspapers of record which often appearing only hours after the events being described (Chester et al. 1985 (Chester et al. , 2012 ). Yet even on Etna significant gaps remained in the record-not least on human impacts-even for events that took place between 1900 and 1980. (Queiroz et al. 1995; Guest et al. 1999) . Between settlement of the archipelago and 1980 a further 26 eruptions took place (Fig. 2 and Table 2) , with one subsequent submarine occurring between 1998 and 2001 (Gaspar et al. 2015) . The communication of information about eruptions was not marked by steady progress and even in the second half of the 20th century there were still major gaps in the record. For instance the Azores volume of the Catalogue of Active Volcanoes of the World was published in the 1960s (Neumann van Padang et al. 1967) , but when compared with what is known today (Gaspar et al. 2015) shows a lack of detail about the volcanological character of historic events, human impact is ignored and some eruptionsmost notably that of ca. 1439-1443-are absent. Another standard reference from the period (Weston 1964) , also ignores the ca. 1439-1443 event, lists an eruption of Sete Cidades (São Miguel Island) in 1439 that did not occur and reports a lava flowing in the direction of Rabo de Peixe (São Miguel Island) in 1652 which is incorrect. Maps and memoirs produced by the
Serviços Geológicos de Portugal
9 (e.g. Zbyszewski et al. 1958 Zbyszewski et al. , 1959 Zbyszewski 1961) were published as part of the 1:50,000 scale mapping of Portugal and the Atlantic Islands and are likewise partial in their treatment of historical eruptions and their impacts.
Between 1950 and 1980 a few studies of past eruptions were published in international scientific journals, but these were either focused on: the most recent 1957/8 phreatomagmatic eruption at Capelinhos on Faial Island, but again strongly themed on volcanological aspects rather than human impacts (e.g. Machado et al. 1962) ; or concerned large plinian events that took place long before the islands were settled and are, therefore, outside the scope of this review (e.g. Walker and Croasdale 1971; Booth et al. 1978) . Establishing a detailed record such as that provided by Gaspar et al. (2015) , requires detailed analysis of all accessible archival sources and its cross-checking with field evidence so that historical accounts may be either verified or eliminated.
Although the Azores lie some 1360 km to the west of the coast of Portugal, lack of transmission of information cannot be blamed solely on physical isolation. Admittedly before the era of mass air transport visiting the islands was difficult and time consuming, but in comparison with other mid-oceanic islands seaborne communication was well developed, with the ports of Ponta Delgada (São Miguel), Horta (Faial) and Angra do Heroísmo (Terceira) in particular being important staging posts in Atlantic trade. In the era before steam power the agricultural economy of the archipelago was highly specialized and was concerned not only with subsistence, but also with provisioning the many ships that visited the islands (Admiralty 1945; Callender and Henshall 1968) . The volcanoes of the Azores tend to give rise to short-lived subaerial activity with activity lasting no more than few days or weeks, and in the 17th and 19th centuries there is little evidence that the eruptions of: Pico 1718 and 1720; Terceira 1761 and São Jorge 1808, (Coutinho et al. 2010 ) was the first to be covered in any detail.
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Isolation may take several forms and in the Azores was expressed intellectually, scientifically and politically. In Portugal both the institutional and professional development of science and more particularly the geological sciences, lagged behind that in other European countries and greatly inhibited the contemporary collection and transmission of eruption data. In a devoutly Catholic country it might be thought that the development of geology would have been inhibited by religious considerations, especially following the publication of Lyell's Principles of Geology and in 1830 Darwin's Origin of Species in 1859, but as Carneiro et al. (2013) have argued this was not the case. Universities had been outside religious jurisdiction since 1772 and there was a long tradition of independence between science and religion among educated elites across Portugal. In the second decade of the twentieth century, 'despite the close relationship between the newly established regime 11 and the Roman Catholic Church, António Salazar (1889-1970) maintained the separation of Church and State; in addition, the State held no official position regarding scientific matters' (Carneiro et al. 2013, p. 333) .
As Mota and Carneiro (2013, p. 24 ) have noted, 'despite the creation of the national geological survey being coeval to other European countries, the teaching of geology and geological research became effective only as late as the mid-twentieth century and the Portuguese Geological Society was only founded in 1940.' In addition until 1911 there was only one university in Portugal at Coimbra, after this Oporto and Lisbon were added and the University of the Azores only dates from two years after the Portuguese Revolution of 1974. Until well into the twentieth century, people-almost invariably men-who wanted careers in science only had three choices: 'medicine; the clergy; and, in the nineteenth century, military engineering' (Carneiro et al. 2013, p. 332) . The London Times, Nineteenth Century British Library Newspapers and Nineteenth Century US Newspapers are available from Gale GENGAGE-see Footnote 4. The New York Times is available from ProQuest http://www. proquest.com/. Accessed 16 May 2014. It is interesting that, in contrast to eruptions, Azorean earthquakes were extensively reported in the international press. Earthquakes frequently caused death and destruction to places in the Azores visited by European and North American seafarers and, in the nineteenth century alone, earthquakes of intensity VIII or greater affected Terceira in 1800, 1801 and 1841 and São Miguel in 1810 Miguel in , 1811 Miguel in and 1852 This is the authoritarian Estado Novo regime which was led by António Salazar until 1968. 12 It is notable that neither of the two leading figures in Azorean volcanology in the first six decades of the twentieth century was a geologist by training. José Agostinho (1888 Agostinho ( -1978 , who published on a variety of volcanological topics (e.g. Agostinho 1932 ) was an army officer and meteorologist. Frederico Machado (1918 Machado ( -2000 was a civil engineer, who made notable contributions to both recording and managing the 1957/8 eruption and earthquake on Faial Island (Machado et al. 1962) .
A lack of trained personnel and of focused science policy can be clearly seen as late as the 1950s. By the time of the Capelinhos eruption (Faial-1957/58), the current authors have noted that leading roles were played by engineers and other professionals, rather than geologists and that the regime was open to and encouraged scientific enquiry, which was financially supported and involved both Portuguese and foreign scholars. There were no 'in-depth studies of the impacts of and government responses to the emergency. Evaluative and potentially critical studies of policy were not welcomed by the government' (Coutinho et al. 2010, p. 266) .
These features of Portuguese intellectual history meant that in the Azores the intellectual elite, who included State officials, was diligent in recording eruptions in locally published books, monographs, academic journals and freely discussed scientific ideas-including geological advances-in the local press. They did not, however, disseminate information more widely. Many early eruptions and their effects were recorded by the priest historian, Gaspar Frutuoso (ca. 1522 -1591 Fig. 3 ), in Book IV (São Miguel) and Book VI (Terceira, Faial, Pico, Flores, Graciosa and São Jorge) of his multi-volume work: Saudades da Terra (English translation-A Nostalgic Longing for the LandFrutuoso 2005) . This work remained in manuscript form until the late nineteenth century, was published from 1873 onwards (Luz 1996) and did not become widely available outside Portugal until much later. For instance, in the United States the Library of Congress Catalogue only lists Book IV (1876) before the complete work appears in 1978, while in the UK the position is only slightly better with only three locations being listed for the 1873 edition.
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Later in the nineteenth century the historian and politician Ernesto do Canto 14 (1831-1900- Fig. 3 ), collected many accounts of historical eruptions and published these in a journal, Arquivo dos Açores, which he both launched and printed. This publication had limited dissemination outside the Azores and in fact has only been widely accessible since it has become available in digital form from the University of the Azores (http://www.sdoc.uac.pt/pt/publicacoes). The role of the press in reporting science in general and particularly natural events has recently been reviewed by Simões et al. (2012) . Although rates of illiteracy in Portugal were ca. 79% in 1900, in 1894 there were 23 newspapers and periodicals published in Ponta Delgada (São Miguel) , the capital of the Azores, which were read by the elite and made available for public readings in taverns, cafes and shops. In reviewing one newspaper, the progressive Diário dos Açores-founded in 1870, Simões et al. (2012, p. 314) show how science was extensively reported, with the motivation being 'an attempt by the scientific and political communities to gain the support of the general public'. Although hygiene and public health were the dominant themes, there was also reporting of geological topics, with the Messina earthquake of 1908 being afforded extensive coverage. Indeed following the 1909 Benavente earthquake near to Lisbon (Degg and Doornkamp 1994), there was lobbying for a seismic network to be established on the islands and, indeed, two seismological stations had been set up in the Azores in 1902; one at Ponta Delgada and the other at Horta. Although the Diário dos Açores contains coverage of volcanology, progressive lobbying through the paper was less successful than was the case with earthquakes and did not lead to any significant new research being undertaken on contemporary activity, or the impacts of historical eruptions becoming more widely known (see Simões et al. 2012, pp. 318-325) . It is perhaps not coincidental that eruptions in the second half of the 19th and the early 20th centuries were small-scale submarine events and the loss of 200 houses and landslides in Terceira in 1866 was caused by volcano-related seismic activity, rather than by volcanic activity per se (Gaspar et al. 2015) . The volcanoes of Italy and especially Etna and Vesuvius were amongst the first to be known to literate European observers. Etna (Fig. 4) a huge volcano in comparison with Vesuvius, covering an area of 1178 km 2 and standing 3328 m in height (Branca et al. 2011) , was virtually continually in eruption during classical times, with activity being typically effusive and strombolian in character, though there were more explosive events such as the plinian eruption of 122 BCE which produced considerable tephra fall and caused severe damage in Catania (Coltelli et al. 1998) . Although most activity occurred away from inhabited areas, at Fig. 3 (continued) times larger flank eruptions caused widespread destruction. Etna and its eruptions feature in the literature of the classical age through reflections of a predominantly mythological and legendary character and, indeed, a list of authors includes some of the era's greatest writers (see Chester et al. 2000; Duncan et al. 2005; Johnston 2005; Smolenaars 2005) . Records of eruptions can also be extracted from Greek and Roman sources, particularly the works of Pindar, Diodorus Siculus, Thucydides, Virgil, Pliny the Elder, Suetonius, and Lucretius, but as Branca and Del Carlo (2004, pp. 2-3) have noted: only major eruptions were recorded; information has often to be 'translated from poetic language into hard fact'; there is an issue in linking eruption reports to deposits found in the field and, although some eruptions are associated with important historical events-most notably the death of Julius Caesar in 44 BCEbefore the 17th century the dating of the lava flows is problematic. The publication of the new 1:50,000 scale map of Etna in 2011 acted as a stimulus for ancient texts to be examined afresh. New dates for eruptions occurring in the classical and medieval eras have been proposed, that are supported by both archaeomagnetic and radiometric dating of volcanic products (Branca et al. 2011; Tanguy et al. 2012 ) and which allows a comprehensive eruption history to be defined for the last 2500 years. What Branca and Del Carlo (2004: 2) have termed the ancient period continued until the 11th century and the end of the era of Islamic 15 domination of Sicily. Thereafter until the close of the 12th century, there was Norman control of Sicily that in the 13th century gave way to Spanish domination which broadly coincides with the Renaissance. Two decades ago it was thought that the record of flank eruptions was fairly robust from the 14th century (Romano and Sturiale 1982) , though there was questioning of the status of some 16th and early 17th century eruptions by Chester et al. (1985, Table 3 .3), but on the basis of information collected during the construction of the 2011 geological map this conclusion can no longer be sustained. As Branca and Del Carlo (2004, p. 5) , note 'we can only be certain about eruptions that occurred below 1800 m …on the southeastern flank, because information on volcanic activity was only available in the cultivated and inhabited zones on the outskirts of Catania' (Fig. 4) . In spite of this lack of comprehensiveness, knowledge of Etna's eruptions improved greatly especially from the start of the 16th century and mirrored the pattern for the Renaissance in general, with the more widespread dissemination of printed volumes written by distinguished polymaths such as: Fazzello (1558), 16 Filoteo (1590), 17 and Carrera (1636) . 18 From 1600, a growing interest in the natural sciences meant that almost all flank eruptions-though not all summit activity-was recorded. In fact geological and archaeomagnetic data have revealed that some flank eruptions in the 17th century, and in the late 18th and early 19th centuries some events on the upper northwest flank, were not recorded in contemporary sources (Tanguy et al. 2012) . As noted in the introduction large eruptions stimulate research, reporting and communication and the 1669 eruption was no exception. Etna's most voluminous historical event, the 1669 eruption, devastated the south-eastern flank of the volcano, destroyed the western part of Catania, the large village of Nicolosi and many smaller settlements (Fig. 4) 19 There were reports at the time in international scientific publications (e.g. Gazette de France and the Philosophical Transactions of the Royal Society of London). These sources provide descriptive material on aspects of the eruption and some of its immediate impacts. Recently, Branca et al. (2015) have undertaken a detailed study of this material which shows that the impact of the 1669 eruption was complicated by the catastrophic earthquake that devastated eastern Sicily in 1693.
Following 1669 and reflecting the strong empirical interest in nature which characterized the Enlightenment (see Footnote 4), the manner of describing eruptions changed and became more detailed, complete and for the first time summit activity began to be recorded, though it was not until the establishment of the Etnean Volcanology Institute by Gaetano Ponte in 1926, that this was undertaken in a systematic manner (Branca and Del Carlo 2004, p. 3) . Within this tradition two major studies were published by Recupero (1815) and Ferrara (1818). They included observations made during the late 18th century and earlier and their publications were widely distributed across western Europe, appearing in library catalogues in France and Great Britain. An increasing number of foreign visitors were arriving in Sicily. At the start these were young aristocrats and other equally wealthy tourists who were experiencing the Grand Tour of classical sites and historic cities. Some took an active interest in and published widely on Etna (Vaccari 2008) , most notably the Scot Brydone (1773) and later 15 It is often termed the Arabic period, but the Islamic settlers also included Berbers and Spanish Muslims. The English Earl of Winchilsea (1669) during the brief British occupation of Sicily (1806-1815) an officer visiting the volcano sent home a report of the 1809 flank eruption which was subsequently published in a Scottish newspaper (Anon 1809) . By the time of the 1865 flank eruption visits by foreigners were well established, were facilitated by the advent of railways and are described as 'pouring into the region'(Anon 1865). In fact this event was the first eruption to be photographed by the Frenchman, Paul M Berthier, who accompanied the volcanologist Orazio Silvestri in a visit to the vent (Abate et al. 2013) . By the early years of the 20th century, 'dark tourism' was causing problems for the authorities in managing the visitor influx (Anon 1923) . 20 Tourism stimulated a thirst for news first in Europe and later in the USA, and during the course of the 19th century there was marked increase in eruption reporting in both newspapers of record and in the more popular press (Chester et al. 2012) .
During the 19th century rational investigation of Etna made a significant contribution to understanding within the earth sciences. This is an apparent paradox, because in a devoutly Catholic region in which every eruption was and is still associated with elaborate rituals supposedly to assuage divine wrath (Chester et al. 2008) , Enlightenment science prospered so well. Giuseppe Recupero (1720 -1778 ), Francesco Ferrara (1767 -1850 ) and later Giuseppe Alessi (1774 -1837 were priests yet, with one exception, encountered no opposition from the ecclesiastical hierarchy. The exception was Canon Recupero (Fig. 5) , famous for his published work and for introducing the Naples-based diplomat and volcanologist Sir William Hamilton to Etna. Many years before the publication of Lyell's Principles of Geology (1830), Recupero speculated about some lavas being much older than the generally accepted biblical chronology for the age of the earth. Brydone (1773, p. 132) writes:
Recupero tells me he is exceedingly embarrassed, by these discoveries…. Moses 21 hangs like a dead weight upon him, and blunts his zeal for inquiry; for that really he has not the conscience to make the mountain so young, as that prophet makes the world. What do you think of these sentiments from a Roman Catholic divine? The bishop, who is famously orthodox …. has already warned him to be upon his guard; and not to pretend to be a better natural historian than Moses; not to presume to urge anything that may in the smallest degree be deemed contradictory to his sacred authority.
Clearly observation and study of the natural world-God's created order-was acceptable, but speculation about its origin and when it came into existence was not. Following the publication of Brydone's book Recupero was censured and lost his canonical preferment (Rodwell 1878).
Giuseppe Alessi was also a priest/scientist and published extensively on Etna and its eruptions (Alessi 1829-1835), but in the first half of the 19th century the baton passed to secular scholars, in particular to the brothers Gemmellaro (Mario 1773 -1838 , Carlo 1787 -1866 and Giuseppe 1788 -1876 . Between them the brothers observed and described Etna's activity and speculated about its volcanic phenomena (Guest et al. 2003, p. 180) , Giuseppe accompanying Lyell on his visits and Carlo producing a major academic study (Gemmellaro 1858). Lyell's Principles of Geology, his theory of uniformitarianism and the methodology espoused by him and other leading contemporary geologists of the time, found ready acceptance in Italy (Vaccari 1998) and by the close of the century, not only was the eruptive history of Etna known in considerable detail from ca. 1600, but flows had been mapped with accuracy most notably by the German geologist Wolfgang Sartorius von Waltershausen. The 1:50,000 map produced by Waltershausen, was published as the Atlas des Aetna (von Waltershausen 1844-1859) and was the world's first geological map of a large active volcano. A scholarly society, the Accademia Gioenia, Dark tourism involves visits to sites associated with death, war and other tragedies. Not all the tourism was 'dark', however, and major studies were published by some visitors not least Rodwell (1878).
21
It was generally accepted at the time that Moses was the author of the Pentateuch, the first five books of the Old Testament or Hebrew Bible, beginning with Genesis.
22
The academy was named after the Sicilian scholar, Giuseppe Gioeni d' Angio (1743-1822).
was established in Catania in 1824, many leading geologists were members and its journal quickly found a place in the libraries of learned societies and major universities in Italy and across Europe.
The years from ca. 1850 to 1928, the year in which the well studied eruption destroyed the village of Mascali, were ones of consolidation. Major flank eruptions occurred in: 1852/3; 1865; 1879; 1883; 1886; 1892; 1910; 1911 and 1923 , and there were progressively more detailed accounts in newspapers of record particularly in the United States and United Kingdom. Sicily was first linked to the Italian mainland by the electric telegraph in the 1850s, with the first reliable trans-Atlantic links dating from a few years later (Chester et al. 2012, pp. 75-76) . By the twentieth century, newsreels . Photographs Stefano Branca and the Istituto Nazionale di Geofisica e Vulcanologia (INGV), Catania were also depicting Etnean eruptions for an international as well as a national audience. Detailed studies of eruptions were published by a number of scientists among whom were Orazio Silvestri, Annibale Riccò, Ottorino De Fiore and Gaetano Ponte. In 1926 Gaetano Ponte founded the Etnean Volcanological Institute within the University of Catania, and under his leadership a complete inventory of eruptive activity was maintained throughout the economically difficult 1930s and during the Second World War (see Branca and Del Carlo 2004, pp. 3-4) , although until the 1950s international contacts were much reduced and there was little communication of information outside Italy other than through the pages of Atti Accademia Gioenia di Scienze Naturali.
The appointment in 1958 of the eminent Swiss volcanologist, Alfred Rittmann (1893-1980- Fig. 5 ), to the Etnean Volcanological Institute re-launched the international profile of volcanic studies. In 1967 with the financial support of the Consiglio Nazionale delle Richerche (CNR-National Research Council) and with the patronage of UNESCO, the institute became the International Institute of Volcanology and Rittmann encouraged collaboration between Italian, French and British scientists, that culminated in both: the production of a 1:50,000 scale geological map and memoir (Romano 1982) and the publication of a research volume (Chester et al. 1985) , which grew out of this collaboration.
Concluding Remarks
Italy and in particularly Etna has unrivalled historical records of volcanic activity extending back well over 2500 years to classical times. There are large gaps in the record, however, with accounts dating from Greeks and Romans times Fig. 5 (continued) being typically mythological and/or speculative and containing relatively little usable observational detail. For both Etna and the Azores it was priests who from the 16th century provided written descriptive accounts of eruptions and to a more limited extent their impact. They showed an ability not only to describe, but also to utilize their observations to develop an understanding of volcanological processes, which in the case of Canon Recupero brought him into conflict with his ecclesiastical superiors. Sicily is situated at the cross-roads of Mediterranean trade routes and the 1669 eruption of Etna attracted international interest (Azzaro and Castelli 2013) . Observers showed a scientific approach in their description, observing and measuring lava flows and making comments on their impacts on local communities. Results were published first in letters and reports of limited circulation, later in research volumes and, beginning with the English Merchants' Report to the Royal Society of London in 1669, in international scientific journals (Anon 1669) .
With the exception of the submarine eruption off the coast of São Miguel which was fortuitously observed by Captain Tillard, the Azores were more remote and eruptions were neither witnessed nor described by international scholars to the same extent. This remoteness, combined with the distinctive intellectual history of Portugal and the Azores, meant that, although there were major eruptions in the 16-18th centuries, documentation of activity was largely restricted to the islands, sometimes not published until much later and not communicated to the wider world to anything like the same extent as occurred on Etna. Indeed until the eruption of Capelinhos in 1957/8, there is virtually no reference to eruptions in the Azores in volcanological texts, despite better communications -steam ships and the electric telegraph-being important elements in the islands' economy from the mid-19th century.
At the global scale the ways in which information on eruptions has been communicated between 1980 and the middle of the 2010s is the subject of another chapter in this volume, but for reasons of completeness the situation in the Azores and Etna can be brought up-to-date. For the Azores the designation of Furnas as a Laboratory Volcano acted as a powerful stimulus and brought together a number of scholars from a variety of European countries and from a variety of disciplines, who researched topics which ranging from the 'traditional' (e.g. volcanic geology), to the innovative (e.g. hydrogeology, health hazards and human vulnerability). These were subsequently published in a special 'issue' of Journal of Volcanology and Geothermal Research (Duncan et al. 1999) . Today volcanology in the Azores is studied both by the Departamento de Geociências, Universidade dos Açores and the university hosted: Centro de Vulcanologia e Avaliação de Riscos Geológicos (CVARG Centre of Volcanology and Evaluation of Geological Risk); and CIVISA (Centro de Informação de Vigilância Sismovulcânica dos Açores or Centre for Information and Seismovolcanic Surveillance of the Azores) (Gaspar et al. 2011 ). These bodies have continued to communicate information both, locally through liaison with the Civil Defence authorities, and internationally by means of publication in peer-reviewed academic volumes/journals and having a strong on-line presence (http://www. cvarg.azores.gov.pt/Paginas/home-cvarg.aspx).
The situation in Sicily is broadly similar to that in the Azores, with attention being focused, inter alia, on: observing and communicating information on contemporary eruptions; liaising with the Civil Defence authorities; reconstructing the impact of historic eruptions (e.g. Branca et al. 2013) ; geophysical monitoring of Etna and increasing public awareness. From 1999 the International Institute of Volcanology became a section of the Instituto Nazionale di Geofisica e Vulcanologia, its website is available in Italian and English (http://www.ct.ingv.it/en/) and, as in the Azores, there is a strong emphasis on international publishing and attendance at academic conferences.
Even in well studied areas, such as Japan, Hawaii, the Cascades and Italy, in 1980 the data available to the international research community were almost exclusively focused on the physical characteristics of eruptions, the spatial extent of their products and petrological aspects of lava flows and pyroclastic deposits. This deficiency was, however, becoming recognized, for example by Gordon Macdonald in his seminal book (Macdonald 1972, pp. 427) notes, 'it is time for volcanologists to put less emphasis on purely scientific aspects of their science, such as the generation and modification of magmas, and to give more attention to humanistic aspects-prediction and control of volcanic eruptions and the utilization of volcanic energy'. There were exceptions, such as Sheets and Grayson's (1979) edited volume Volcanic Activity and Human Ecology and Murton and Shimabakuro's (1974) paper on human adjustments to volcanic hazard in Hawaii-both published in the decade before 1980, but overall volcanology was dominated by the concerns of the geologist and igneous petrologist. Therefore, before the designation of the 1990s as the International Decade for Natural Disaster Reduction (IDNDR) and the subsequent International Strategy for Disaster Reduction Communication (ISDR) from 2000, the information communicated by means of the international peer reviewed literature was different in kind as well as being more restricted in volume. For instance in the eight years between 1982 and 1990, a survey of research output carried out in the context of the European Laboratory Volcanoes initiative, 23 showed that academic publication was dominated by the concerns of pure researchers, with papers in academic journals on more applied topics (i.e. prediction, social impact, policy implication and civil defence), constituting but a very small proportion of the total (Chester et al. 2002, pp. 419-420) . Similar comments apply to other volcanic regions, with much of the information on social impact and civil protection being restricted to official reports and conference papers. This 'grey literature' was neither widely known outside its country of origin nor was it peer-reviewed by members of the international research community. Today in the wake of the IDNDR and the current ISDR, not only has volcanology become more focused on hazard reduction, but the personnel has also widened to include social scientists, health professionals and experts in civil defence (Chester 2005) .
